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INTRODUCTION 
I 
I 
Synthetic detergents have been a subject of contro-
versy and concern for quite some time. They began to be 
produced in large quantities by 1930 (Henderson et al., 
1959) and started to accumulate in waterways of the 
United States and Europe by the late 40's and early 50's 
(Culp and Stoltenberg, 1953; Schmid and Mann, 1961). In-
stances of accumulatlons ranged from 0.1 to 12 ppm and 
higher at various times. The presence of these agents 
raised questions as to the detrimental effect they might 
have on aquatic li,f.e and the quality of drinking water. 
Ahionib det~~gents, with which tbis work is con-
cerned, are by far the largest class of detergents used 
today (Davidson and. Milwidsky, 1972) .. These detergents 
are composed mainly of .surfactant and "builder" compon-
ents. The surfactant is an amphipathic molecule; it has 
both strong hydrophobic and hydrophilic groups on it and 
can be detected by a methylene blue indicator dye (Jones, 
1945; Degens, 1953). The "bJJ:ilder" i:'.i usually a salt that 
enhances th,e cleansing action of the detergent and the 
two most widely used "builders" are sodium sulfate and 
sodium tripolyphosphate (Henderson et al., 1959; Davidson 
and Milwidsky, 1972). 
Up to the early 1960's, the most widely used surfac-
1 
. ·~ 
tant in detergents was a branched alkyl benzene sulfonate 
commonly and hereafter referied to as ABS. This molecule 
accounted for 70% of the surfactant volume of detergents 
used by 1962 (Brenner, 1969). A representative formula 
for this molecule is: 
CH CH CH §-so 3N a i 3 1 3 1 3 o CH -tH~CH ~CH-CH -CH-CH -CH- H 
3 2 . 2 2 ,3 
This ABS surfactant was found to be quite resistant 
2 
to biodegradation by bacteria because of its highly branched 
alkyl structure (Hammerton, 1955; Swisher, 1963a). The 
removal or degradation of ABS by conventional sewage treat-
ment was very limited (Swisher, 1963a; Tarring, 1965) and 
residues from ABS were responsible for extensive foaming 
1n waterways as early as 1947 (Brenner, 1969). 
A replacement for ABS was developed by the early 
1950's in Holland (Degens et al., 1953; Houston, 1963). 
It was recognized that the straighter the alkyl chain, the 
faster the degradation (Hammerton, 1955; Swisher, 1963a) 
and the sodium salts of linear alkyl benzene sulfonates, 
commonly and hereafter referred to as LAS, are now the most 
popular of the modern anionic detergents (Harris et al., 1971; 
Davidson and Milwidsky, 1972). 
The United States Soap and Detergent Association con-
vetted to the use of these LAS compounds by 1965 (Pickering, 
1966). However, the shorter primary degradation rates of 
LAS do not necessarily remove their pollution potential. 
Surfactant levels in waterways have decreased since the 
conversion to LAS, but even now concentrations of 8.7 ppm 
(Environmental Protection Agency of Illinois, 1970) are 
reported, for instance, in smaller rivers and streams 
around Chicago and these detergents have been found to be 
toxic to aquatic life at very low concentrations (Painter, 
19 7 4) . 
3 
LAS has, been considered a much more .. biologically 
safe" detergent by some scientists because of its faster 
degradation rate (Swisher, 1963a; Tarring, 1965); it is 
thouf!ht that its toxic.potential should be much lower since 
its primary degrRdation is accomplished so much more rapidly 
that that of ABS. However, even low concentrations of 
detergent surfactant have been reported to be teratog.enic 
(Bergel, 1974). and toxic, depending on the dev.elopmental 
stage and species. 
Detergents are not the only pollutan,ts. in waterways. 
A great many others have ~e.en found and several investigators 
have demonstrated that very low concentrations of surfactants, 
when combined with other pollutants, have synergistic toxic 
eff.ects on aquatic life (Dugan et al., 1964; Dugan, 1967; 
Solon, Lincer, and Nair, 1969). 
It is well known that a wide varietv of toxic agents 
is particularly damaging to embryonic life (Wilson, 1973) 
and several studies have established that LAS is also an 
embryotoxic agent (Pickering, 1966; Hokanson and Smith, 
1971). 
• •1> 
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Embryotoxicity studies with aquatic eggs have, for the 
most part, dealt with assessing viability or hatchability. 
These results are usually expressed as the eggs' median 
tolerance limits (TLm) to a particular surfactant; this 
TLm value is the concentration at which SO% of the eggs 
would die after a fixed exposure time (Doudoroff et al., 
1951). Past investigations have not dealt to any great 
extent, however, with the possible developmental abnormali-
ties caused by sublethal concentrations of LAS to aquatic 
forms. 
The purpose of this investigation is to study the 
relative toxicity of two types of LAS en developing zebra 
fish (Bra~~ld~nio !eric). This fish was chosen as a bio-
assay fish because of the availability of its eggs through-
out the year and its acute sensitivity to other toxicants 
(Abedi and McKinley, 1967; Abedi and Scott, 1969; Weis, 
19 7 4) . 
• ·1> 
LITERATURE REVIEW 
Structural Porperties of Surfactants 
When surfactants are mixed in water, they ~ill change 
the water structure in ways that alter or decrease the 
surface tension. Surface-active agents tend to adsorb at 
surfaces and are, therefore, responsible for lowering inter-
facial free energy (Elworthy et al., 1968). This means that 
the cleansing or emulsification of a substrate results in 
the adsorption of surface-active molecules at interfaces, 
therby allowing dirt particles to be lifted off the sub-
strate. The expelled molecules are then adsorbed at the 
surface of the sur~actant and since the hydrophilic groups 
keep these expelled molecules in suspension, they are pre-
vented from separating out in another phase (Rosen, 1972). 
A property of surfactants related to their deter-
gency is their tendency, in aqueous media, to aggregate 
into groups called micelles (Swisher, 1970). At low con-
centrations, such as 1 ppm, these surfactants are present 
as individual molecules randomly distributed along the 
interfacial surface of air and water. However, when the 
surfactant concentration is increased, it ~ventually reaches 
th~ critical micelle concentration (erne) , a concentration 
at which micelles are formed (Swisher, 1970; Rosen, 1972). 
These micelles occur at concentrations of at least 100 ppm 
5 
6 
and studies have shown that significant cleansing power 
or detergency, is only reached at this cmc (Schwartz, 1971; 
Rosen, 1972). 
The length of the alkyl chain in,detergents can vary 
between 8 and 18 carbons, but the majority o£ the molecules 
have lengths between 10 and 14 (Swisher, 1963a). A com-
mericial preparation is not composed of a uniform surfac-
tant, It is a mixture of compounds with. varying alkyl 
lengths as w~ll as varying phenyl and sulfonate positions. 
The benzene ring is normally attached to any secondary 
position and the sulfpnate can be meta, or para but usually 
not ortho because of steric hindrance (Swisher, 1963a). The 
best deter.gency, however, is obtained from an LAS with an 
average 12.5 carbon chain length whereas comparable perfpr-
mance in ABS is attained with an average 13.5 alkyl length 
(Sweeney and Olson, 1964) • 
Biodegradation 
Detergent biodegradation .. studies have been performed 
using static, dynamic, or field sys terns.. The static sys terns 
are usually modifications of Rammerton's (1955) river die-
away technique in which certain concentrations of detergent 
surfactant are added to river water and the·n analyzed for 
degradation at regular intervals. This method has been 
utilized by many.in;verstig~tor~ (Abbot, 1962; Swisher, 
1963a; Swisher, 1963b; Setzkorn et al., 19~4; Rennet al., 
7 
1964). This technique, however, is only useful in assessing 
primary degradation since the methylene blue colorimetric 
analysis it employs is specific for the intact surfactant 
molecule. It will not detect the surfactant if the sul-
fonate or phenyl portion is removed or.if the alkyl group is 
shortened to fewer than 8 carbons (Hammerton, 1955; Swisher, 
1963a). 
The dynamic systems attempt to simulate the conditions 
of an activated sludge sewage treatment and operate on the 
principle of continuous feed (Rennet al., 1964; Swisher, 
1967). In such systems, biodegradation is generally measured 
by the ~atio of percentage of surfactant removed to percent-
age of fermentable organics removed (Rennet al., 1964). 
Field tests are the most difficult to do since they 
require the cooperation of a small community. But they 
. give the most realistic picture of biodegradation'rates. 
Such tests are usually run to confirm the river die-away 
and/or dynamic methods (Rennet al., 1964). 
The biodegradation or oxidation of surfactants is pri-
marily the. result of bacterial action (Hammerton, 1955). 
This biodegradation is believed to begin by the oxidation of 
a terminal methyl·group to a carboxylate after which degrada-
tion eont~nues via beta oxidation (Swisher, 1963a). Factors 
that influence the rate of·· the process are: 1) me'thy1 branch-
ing, 2} distance of hYdrophilic group from far end of hydro-
8 
phobe, 3) alkyl chain l~ngth, 1) phenyl position, 5) acclima-
tion, 6) self-limiting concentrations and 7) temperature 
(amount of molecular oxygen). 
Hammerton (1955) was the first to suggest that the 
linearity of the hydrophobic group was important to the 
biodegradation of surfactants. He also suggested that the 
chemical nature and mode of attachment of the hydrophilic 
group and single methyl groups on an alkyl chain are of minor 
importance to the primary degradation of the molecule. 
Swisher (l963a) demonstrated that the alkyl lengths as 
well as phenyl positions were important determinants in pri-
mary degradation of LAS. His studies proved that biodegrada-
tion of LAS procee·ded more rapidly as the distance increased 
betwee.n the .sulfonate ~nd the far end of the alkyl group. 
In all of his studies, the 2-phenyl isomer was degraded 
faster than a mo~e centrally located phenyl isomer. He 
has also .reported on the importance of microbial acclimation. 
The necessity for acclimation indicates that the enzymes used 
for.this process are a~aptive. 
LAS, at certain c¢ncentrations, is selt-limiting. It 
has been determined that a dodecyl LAS .would have a limiting 
concentation of about 22 ppm at 20° C (Swisher~ 1970). This 
concentration prevented degradation for at least 50 days; 
the inhibition is attributed to LAS interaction with specific 
bacterial enzymes that wouldotherwise attack the alkyl chain. 
Swisher reported that throughout the range of alkyl chain 
lengths from 10 to 15, increasing the length by 1 carbon, 
reduces the limiting concentration to about one-third. 
9 
Temperature affects the degradation rates of both ABS 
and LAS. Lower temperatures confer lower self-limiting con-
centrations (Swisher, 1970). Halvorson and Ishaque's (1969) 
studies on a sewage lagoon confirm this. In ad~ition, their 
results demonstrated that LAS was not degraded in the lagoon 
in winter months due, in part, to the lack of molecular 
oxygen. Their investigation was instrumental in the conver-
sion of ice-bound sewage lagoons to aerated ones, 
Benzene Ring pegradation 
Swisher (1970), in a review of surfactant degradation, 
gave possible degr~dation routes for the benzene ring of 
LAS. He stated that catechol is a probable intermediate of 
most routes; this catechol is formed in an enzyme-catalyzed 
oxidation step. The next step would be the splitting of the 
ring either between or adjacent to the two hydroxyl groups. 
If the split is between the 2 hydroxyl groups, then beta-
ketoadipic acid is formed which is then split further to 
acetate and su~cinate via beta-oxidation. If the split oc-
cu!s adjacent to the hydroxyl groups, this path leads to the 
formation of formic acid, acetaldehyde and pyruvic acid. 
All of these compounds, however, are common to the cell. 
. 4• 
10 
Toxicity Studies 
Little attention had been directed to the toxicity of 
detergents in the United States prior to the 1950's. In 1951, 
Duodoroff set up a committee to look into bioassay methods 
for determining acute toxicity of industrial pollutants to 
fish. This committee recommended the use of 96 hour TL 's m 
in acute toxicity studies. Burdick (1967) confirmed the use-
fulness of this method and further suggested that the most 
sensitive species be used. 
In 1957~ HerbertJs. laboratory\reported the-toxicity of 
a mixture nf detergents to rainbow trout. These investiga-
tors suggested that the sodium sulfate "builder'.'··might slight-
ly increase the toxicity of the surfactant. They also stated 
that residues of·datergents we'£'~( less .t~xic than the original 
product. 
By 1959 Henderson with others conducted ABS;TL studies 
m 
with bluegi11s and fathead minnows. Their 96-hour TL 's 
m 
ranged from 3.6 to 9.2 ppm in soft water and 3.5 to 5.1 ppm 
in hard water. They also indicated that detergent "builders" 
such as sodium sulfate contributed little or nothing to the 
toxicity of ABS. In fact their results seem to show that 
sodium sulfate has an antagonistic effect to ABS toxicity. 
Schmid and Mahn (1961) reported that ABS damaged the 
gills of trout at concentrations as low as S ppm. This 
damage resulted in the loss of gill mucosa. Cairns and 
. . 
11 
Scheier (1962) detected similar damage to gills in two other 
fish. The latter investigators calculated the biologically 
safe concentration (BSC) according to the method proposed 
by Hart and others in 1945. However, they rejected this 
method because they felt it only valid for acute exposures. 
Dooley and Cavil (1964) worked with fifteen common 
detergents and the mosquito minnow to determine minimum 
lethal concentrations. However, their results for the fif-
teen products are not valid for purposes of comparison since 
they did not have the chemical analyses for.the various prep-
arations. 
Dugan and,hi• associates (1964) reported on the first 
synergistic toxicity study with detergents and pesticides. 
Further chronic studies with gold fish (Dugan, 1967) .con-
firmed this work; £ish exposed to sublethal levels of LAS 
for 37 days were extremely sensitive to DDT. A similar syn~ 
ergistic result involving the effects of parathion and LAS 
was also obtained with fat head minnows (Solon et al., 1969). 
Dugan (1967) proposed that acute toxicities and median tol-
erance limits did not evaluate the toxicity of pollutants 
realistically; combined effects of various water contami-
nants must be investigated. 
Bardach and othe~ (1965) studied the effects of low 
concentrations of ABS and LAS on the taste and olfactory 
receptors of yellow bullheads and found that concentrations 
12 
of LAS as low as 0.5 ppm eroded SO% of the tastebuds within 
24 days. Initial impairment of these chemoreceptors, as 
exhibited through action potentials, occured before visible 
signs of damage. 
Thatcher (1966) demonstrated that sensitivity to ABS is 
species dependent; his study was conducted with eleven species 
of adult fish. The TL values ranged from 7.4 to 22 ppm for 
m 
the various species. He also found that spawning of fathead 
minnows ceased at 2.4 to 4.2 ppm of ABS. The fry of this 
latter species were even more sensitive, having a 96 hour 
TL of 3.2 ppm. 
m 
Some investigators have compared the toxic effects of 
LAS and ABS. In most cases LAS proved to be the more toxic. 
Bardach and his associates (1965) reported that 3 ppm ABS 
damaged the gills of sunfish while even lower concentrations 
of LAS caused comparable damage. Pickering (1966) found LAS 
to be more than t~ice as toxic as ABS when used with fathead 
minnow eggs and fry; 9 day TL values for LAS and ABS were 
m 
2.3 and 6.4 respectively. Si~ilar results were obtained 
by Thatcher and Santei (1967) with five adult species of 
fish. The average 96 hour TL 's ranged from 3.3 to 6.4 ppm 
m 
wi~h LAS and 7.4 to 22.0 ppm with ABS. Dooley (1968), how: 
ever, obtained results showing LAS to be less toxic than ABS 
with the mosquito minnow after 72 hours of exposure. 
Different stages in life-cycles have proven to be more 
13 
susceptible to different pollutants (Wilson, 1973). 
Hokanson and Smith (1971) studied the early life stages of 
bluegills with respect to LAS toxicity. The feeding sac-fry 
was found to be the most sensitive developmental stage while 
the most tolerant stage proved to be the newly hatched sac-
fry.· 
A number· of environmental fa·ctors were also related to 
LAS toxicity in Hokanson and Smith's 1971 study. The most 
important factors were dissolved oxygen, water hardness, and 
acclimation to LAs.· T-L ;va·iues were lewer in·hard wat·er and 
m 
at lower concentrations of dissolved oxygen. Acclimation 
to sublethal concentrations of LAS (one week at 0.5 ppm) 
increased resistance of fish to higher concentrations pf LAS. 
Although much of the research concerning LAS toxicity 
has dealt with aqUatic vertebrate5, acut~ and chronic ef-
fects have been noted for some invertebrates as well. 
Arthur (1970) worked with an 'amphipod and two snail species. 
After long-term treatment (six weeks), Arthur concluded that 
both Campeloma decisum and Gammarus pseudolimnaeus could 
not tolerate LAS levels higher than 0.4 to 1 ppm and 0.2 to 
0.4 ppm respectively. Above these levels mobility and feed-
ing responses were altered. 
Another d·e·tergent, ·sodium lauryl sulfate, has been 
studied with invertebrate s~a urchin eggs (Lallier, 1973). 
The eggs received 15 minute exposures to 60 ppm of surfac-
. ·• 
tant (dosage applied 30 seconds after fertilization). 
! 
Treated eggs were found to have a displaced hyaline layer; 
such eggs developed into two types of animalized larva. 
The most frequently noted deformity in both types was the 
absence of an archenteron. Lallier postulated that such 
anomalies were caused by the dissolution of the protein 
that,exists near the 5urface of the egg membrane. 
Mammals 
14 
Oral administration of surfactants have been known to 
increase the absorption of different materials from the 
colon (Lish and Weikel, 1959; Elworthy et al., 1968). 
Elwor,thy and his colleagues (1968), in an extensive review 
of surface-active agents, reported that sublethal doses 
of many surfactants can inhibit gastric mobility and lead 
to the reduction of mucosal cell efficiency. 
Investigations of acute and chronic ABS toxicity in 
mammals at concentrations as high as 5000 ppm have shown no 
adverse effects with respect to reproduction~ growth, or 
survival (Tusing et al., 1960; Paynter and Weir, 1960; 
Tusing et al. 1962; Snyder e·t al., 1964). 
Kay and his co-workers (1965) were the first to study 
the effects of orally administered LAS on mammals. Rats 
were fed 200, 1000, and 5000 ppm LAS and after 90 days there 
were no adverse effects that could be attributed to the in-
gestion of LAS. 
. ·). 
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Results of Oser and Morgareidge's 1965 tests on rats 
were similar. One exception seen in their results, however, 
was a liver weight gain in females subjected to 5000 ppm of 
LAS. 
Michael (1968) investigated the metabolism of ABS and 
LAS in albino rats and demonstrated that both s~bstances · 
were absorbed from the gastrointestinal tract and transport-
ed via the portal veins. LAS and its intermediates were 
excreted in the urine whereas ABS and its metab9lites were 
principally released in the feces. Michael's work indicates 
that albino rats catabolize LAS more ,readily than, ABS. Some 
'·Z ~ r; · ~ ; ,.~ ..:.. 
intermediate degradation products of LAS were sulfophenyl-
butyric and valerie acids. 
Buehler and his colleagues (1971) confirmed the work 
of other regardi:q.g chronic effects of LAS on mammals. No 
ill effects were noted when high concentrations (5000 ppm) 
of LAS were fed to rats for two years. 
. ~ 
MATERIALS AND METHODS 
Two different commercial preparations of LAS were used 
in these tests, one having an average hydrocarbon chain 
length of 11.2 and the other having an avera~e of 11.8 (Car-
bon lengths determined by gas chromatograph studies, Procter 
& Gamble). The 11.2 compound had an average molecular 
weight. of 234.7 and was 73% active surfactant, -5% water and 
22% sodium sulfate. The molecular distribution of the alkyl-
ate portion contained: 1.17% less than c10 , 20.44% c10 , 
41.48%.c11 , 31.94% C]. 2·, 1'.'48% c13 , and 0.41% c14 . 
The 11.8 sample'was 62% active I:.AS,...,.J16% water, and 
22% sodium sulfate and had an average molecular weight of 
348. The alkyl ~kain lengths of the prepat~tions were: 
7.24% c10 , 26.16% c11 , 55.94% c13 , 0.29% c14 and 0.04% less 
than c10 and 0.19% greater than c14 • 
Preliminary investigations indicated that LAS deter-
gents produce neural anomalies in developing zebra fish 
(Manner and Dewese, 1973). This investigation was under-
taken to study these effects further and to test the 
"builder" portion of the detergent separately for possible 
toxic and teratogenic effects. TLm determinations were made 
with the two LAS preparations and sublethal and toxic effects 
were studied grossly as well as histologically. 
16 
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A total of 1350 zebra fish (Brachydanio rerio) was 
used in this study. These eggs were collected approximately 
one hour after spawning and were selected for use at the 
high blastula stage (Figure One) (Hisaoka and Battle, 1958) 
after examination with the dissecting microscope. The exam-
ination was conducted in an attempt to insure that only nor-
mal high blastula embryos were used. The eggs were then 
placed in their respective solutions in batches of ten per 
petri dish. 
Dechlorinated Lake Michigan water that had been vigor-
ously aerated for at least 24 hours was used in these experi-
ments. After introduction of surfactant, the pH stayed 
between 7.0 and 7.5 at all concentrations of each surfactant. 
The temperature was maintained at 27!1°C which is within the 
organism's normal range (Schirone and Gross, 1968) and the 
hardness as Caco 3 was found to be 124t5 ppm (Water hardness 
determined by Chicago's Water Purification Laboratory, North 
Water District). 
The solutions were made and changed daily for the dura-
tion of the tests and the embryos were checked daily for ab-
normalities and deaths. 
The method for making up solutions for 11.2 LAS was: 
27.38 mg of the 11.2 preparation were added to 100 ml of 
dechlorinated water to make a stock "solution." The stock 
"solution" was thoroughly mixed with a magnetic stirrer and 
18 
Figure 1. High blastula stage of zebra fish. 
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and the following dilutions made. 
20 ml of stock to 180 ml/ aged aquarium water= 20ppm 
15 ml of ttock to 185 ml aged aquarium water= 15ppm 
10 ml of stock to 190 ml aged aquarium water= lOppm 
5 ml of stock to 195 ml aged aquarium water= 5ppm 
11.8 LAS concentrations were made up in a similar way ex-
cept that 32.26 mg were weighed out since this preparation 
was 62% active LAS. 
Statistical Analysis , 
TL values were obtained in a manner suggested by 
m 
Sprague (1969). Observations were made daily with a dis-
secting microscope to establish time of death as well as to 
detect abnormalities. At the end of 96 hours, the data. was 
graphed as % of embryos alive vs. time. The 24 and 96 hour 
TL values were then calculated by graphical interpolation 
m 
of observed survival greater and less than SO% for the 11.2 
LAS. However, it became necessary to only calculate a 24 
hour TL value for the 11.8 data. 
m 
Both sets of data were also subjected to a.two way 
analysis of variance. The calculated F values were com-
pared at 95 and 99% confidence limits. 
Histological Studies 
A separate test was conducted to histologically com-
pare treated embryos with controls. A total of 100 embryos 
wes used in this ~tudy. These embryos were subjected to the 
21 
11.2 surfactant preparation as described above. Five em-
bryos from each group were fixed at 28 and 96 hours as well 
as 9 days. Tellyesnicky's fluid was used as the fixative 
and the embryos were placed in it for 24 hours. The for-
mula for Tellyesnicky's fixative is as follows: 
Bichromate of potassium--3 gms 
Glacial acetic acid --5 cc's 
Water 1-100 cc's 
(Glacial acetic acid is added immediately 
prior to using this reagent). 
After fixation, the- embryos were rinsed in several changes 
of tap water for J.:z, 'hours and then 'dehydrat-ed tn 'a ·graded 
series of ethane[. The schedule for dehydration procedure 
was: 
1St<' ethanol 
30% 
5'0% 
70% 
SOt 
95% 
100% 
10.0% 
II 
II 
II 
II 
II 
II 
II 
1 hour 
1 hour 
1 hour 
overnight (16 hours) 
1 hour 
1 hour 
15 minutes 
15 minutes 
The embryos were then cleared with xylene for 15 min-
utes- before being_ place.d into a vacuum oven with the first 
parap~ast media .. The embryos were kept in the oven at 15 
po_unds pressure and 57.5°G for one lrour. The eggs were then 
temoverl, embedded into the second paraplast media, and 
allowed to. harden on the cold plate of a Tissue Tek machine. 
The paraplast blocks were later trimmed and serially 
.... 
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sectioned at 10 micra. The sections were mounted on egg 
albumen coated slides and put on a hot plate for one minute 
0 
at SO C. The slides were then left at room temperature over.-
night and were later prepared for staining in the following 
manner: 
xylene I 10 minutes 
xylene II 10 minutes 
100% ethanol 3 minutes 
9S% It 2 minutes 
70% II 2 minutes 
SO% II 2 minutes 
3S% " 2 minutes 
water 2 minutes 
The slides were stained in Harris hematoxylin for 4 minutes, 
rinsed in water, then subjected to the following treatment 
which included staining with Eosin Y: 
3S% acid ethanol 
50% ethanol satu-
rated with LiC0 3 50% ethanol 
70% ethanol 
70% ethanol with 
eosin 
80% ethanol 
9S% 
100% 
100% 
xylene 
II 
II 
II 
until sections are red-purple 
until sections are blue 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
3 minutes 
3 minutes 
3 minutes 
5 minutes 
The slides were then mounted with blasam, coverslipped, left 
to dry overnight, and studied with the light microscope. 
Appropriate sections were photogra-phed and compared. 
"Builder" 
A separate study was made to test the possible toxic 
effects of the "builder" portion of the detergent. The 
. . 
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various concentrations of sodium sulfate were made up using 
a method similar to the one usediin making LAS concentrations, 
and the weight of sodium sulfate used in the stock solution 
was 6.02 mg (11.2 and 11.8 LAS preparations were 22% sodium 
sulfate). 
RESULTS 
Pre_liminary Observatio!l~ 
The preliminary tests (mentioned briefly in the methods) 
were run only with the 11.2 LAS. Concentrations of 1, 2, 3, 
and 4 ppm were included in this set of studies. Although the 
percentages of deaths were not great at these low concentra-
tions, a number of anomalies was noted. Histological deter-
minations were made of the volumes of the optic vesicles 
since it was apparent that the treated fish had smaller eyes. 
Five fish from 1, 2, 3, 4, and 5 ppm concentrations, as well 
as controls, were used and the volumes were detetmined using 
the standard formula for an ellipsoid (2 ~/3 r 2h) after 
which the means of the volumes were calculated. The means 
of all experimental groups were smaller than that of the 
control group. The greatest difference in eye size was seen 
between the controls and the 5 ppm group; the mean volume of 
the 5 ppm group was 2/3's that of the controls (Table One). 
TLm Values 
The 11.2 LAS group began with 120 embryos in each of 
the following concentrations: 5, 10, 15, and 20 ppm. The 
results as percentages of embryos alive after 24, 48, 72, and 
96 hours are shown in Table One. The 11.8 group started with 
100 embryos in each of the respective concentrations and re-
sults are shmvn in Table Three. The two graphs of these data 
24 
TABLE ONE 
Mean Volumes of Optic Vesicles at 48 Hours 
Control ..................... · .......... 3 .. 3Z. x k 
1 ppm . ............................. 2 • 81 x k 
2 ppm ..................... · ......... 3.14 x k 
3 ppm . ............................. 2 • 6 8 x k 
4 ppm .. .............................. 2 . 0 7 x k 
5 ppm • ............................. 2 . 0 1 x k 
-3 3 k= 10 mm 
25 
. 1> 
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TABLE TWO 
11.2 LAS 
% ALIVE 
Control 5 EEID 10 EEID 15 EEID 20 EEID 
24 hrs. 98.4 100 97.5 92.5 45 
48 hrs. 98.4 100 97.5 90.8 32 
72 hrs. 95.8 100 91.6 75 27.5 
96 hrs. 95.8 100 90.8 69.1 25 
TABLE THREE 
11.8 LAS 
% ALIVE 
Control 5 PEID 10 EPID 15 EVID 20 ppm 
24 hrs. 97 76 0 0 0 
48 hrs. 97 75 0 0 0 
72 hrs. 97 75 0 0 0 
96 hrs. 95 75 0 0 0 
are shown in Figures Two and Thrqe. 
I 
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The 96 hour TL for the 
m 
11.2 LAS group was calculated to'be 17.2 ppm. The 11.8 96 
hour TL could not be validly calculated; therefore, its 24 
m 
hour TL was calculated and found to be 6.7 ppm. For pur-m 
poses of comparison, the 24 hour TLm for the 11.2 LAS was 
calculated and found to be 19.5. 
Further Observations 
All of the embryos subjected to 10, 15, and 20 ppm of 
11.8 LAS were dead within 24 hours (Table Three). However, 
the embryos at these high concentrations were all quite ab-
normal after three hours of exposure to detergent. By this 
time the cells were noticeable disassociating from one an-
other and from the yolk itself. The disassociating eggs 
were photographed seven hours after fertilization and com-
pared to controls (Figures Four and Five). 
In both the 11.2 and 11.8 groups, approximately 5% of 
the 5 ppm treated fish never hatched though alive (heart 
noticeably beating). Exposure to LAS was discontinued at 96 
hours for these fish and ten days after fertilization, the 
chorions were removed with watchmakers' forceps. These fish 
were able to move only in circular paths; their spinal cords 
were bent. 
Many anomalies were exhibited in the treated fish 
(Table Four). At 96 hours, many seemed to lose their equil-
ibrium and, if they moved at all, would display erratic 
. . 
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FIGURE TWO. 11.2 LAS graph. 
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FIGURE THREE. 11.8 LAS graph. 
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FIGURE FOUR. Abnormal dissociating 7 hr. old embryo 
subjected to 10 ppm of 11.8 LAS 
FIGURE FIVE. Control mid-gastrula at 7 hrs. 
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TABLE FOUR 
Some Abnormalities Seen at 96 Hours 
Cone. LAS Type % Alive % Deformed Types of Anomalies 
5 ppm 11.2 100 18.3 100%- did not res-
pond to stimula-
tion with probe 
9%- bent spinal 
cords 
10 ppm 11.2 90.8 44.9 100%- did not res-
pond to stimula-
tion with probe 
16%- bent spinal 
cord 
100%- smaller 
brains 
15 ppm 11.2 69.1 77 8%- did not res-
pond to stimula-
tion with probe 
100%- could not 
lay dorsal side up 
76. 5%- smaller 
brains 
18.7%- developed 
growths on tails 
20 ppm 11.2 25 100 100%- could not 
lay dorsal-side up 
43%- developed 
tail growths 
16.6%- smaller 
brains 
5 ppm 11.8 100%- could not lay 
dorsal-side up 
41.6%-smaller brains 
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movements. Some had no eyes (Figure Six) while some devel-
oped extranumery eyes. The supernumery eyes, however, only 
developed in 3 embryos of the 20 ppm 11.2 LAS group. After 
96 hours of treatment, 26% of the 11.2 group and 62% of the 
11.8 group exhibited abnormal pigmentation. The eyes were 
lighter and the chromatophores were much less dispersed and 
fewer in number than in the controls. Twenty per cent of 
the 11.2 and 19.7% of the 11.8 groups also had visibly smal-
ler brain areas by 96 hours. Yolk enlargment or distension 
was apparent in the 11.2 and 11.8 groups. Eight per cent of 
the 11.2 group and 14.4% of the 11.8 group had enlarged 
yolks by 96 hours. 
Sodium Sulfate Portion 
Two hundred and fifty embryos were divided into five 
batches and treated with comparable concentrations of sodium 
sulfate as found in the various concentrations of LAS used 
in the other tests. No abnormalities or deaths resulted with-
in 96 hours. 
Histological Studies 
Comparison of experimental and control histology sec-
tions confirmed that many of the anomalies were related to 
the disruption of neural development. For example, the 
supernumery eyes (Figure Seven) were examined histologically 
and were found to be fairly normal in organization. However, 
it was found that these extra eyes were formed at the ex-
FIGURE SIX. Eyeless embryo (24 hrs. old) with distended 
yolk-sac was treated with 15 ppm 11.2 LAS. 
36 
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FIGURE SEVEN. Mid-sagittal section of a 28 hour embryo sub-
jected to 2fr ppm of 11.2 LAS. This section 
shows at least 5 eyes plus ~ growth on the 
back of the head. 
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pense of brain tissue; neural tube tissue was redirected and 
instead of forming brain, formed!eyes. Some of these extra 
eyes were found to be smaller than control eyes. 
The organization within the brain was also found to be 
affected by the exposure to LAS. In a normal brain (Figure 
Eight), a clear-cut distinction exists between white and grey 
matter; the grey matter lines the cavity of the brain. How-
ever, in 20% of the treated embryos examined histologically, 
the neural cells and fibers were intermixed (Figure Nine) . 
Analysis of Variance 
A two-way analysis of variance was calculated for the 
11.2 data (Tables Five and Six). The determined F values 
s 
were 116.04 for the concentrations (columns) and 4.36 for 
the hours (rows). At 95% confidence limits (P=.05), there 
is a significant difference attributed to the varying con-
centrations as well as to the increasing time of exposure. 
However, the exposure time F v~lue is no longer significant 
s 
at the higher probability of 0.01. 
The 11.8 data was handled a little differently in the 
determination of the source of variance. The 15 and 20 ppm 
data was not considered in this test since all the embryos 
at concentrations of 10 ppm and higher died within 24 hours. 
However, using the control 5 ppm and 10 ppm data (Table 
Seven), the F values (Table Eight) were calculated to be 
s 
0.821 for the hours (rows) and 11762.3 for the concentrations 
(columns). ·At 99% confidence limits, there is a high sig-
4-1 
nificance attributed to the conc~ntrations of detergent 
I 
used, but no significance attrib~ted to the exposure time. 
) t : ~~ 
FIGURE EIGHT. Transverse section of a 9 day old control 
diencephalon. 
42 
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FIGURE NINE. Transverse section of a 9 day old embryo that 
had been exposed to 5 ppm of thell.Z LAS. 
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TABLE FIVE A 
Two-way anova: 11.2 LAS (Each group began with 120 embryos. 
The columns show death at indicated hours). 
Factor A: Concentrations 
(a~5) 
;~ Control 5 ppm 10 ppm 15 ppm 20 ppm 
L. 
···~ 24 hours 2 0 3 9 66 80 l 48 hours 2 0 3 11 82 98 
72 hours 5 0 10 30 87 132 
96 hours ·5 0 11 37 90 143 
2: 14 0 27 87 325 453 
TABLE FIVE B 
Arlova table 
Sou;r¢e of va·riation· · .. df ss . MS. . Fs 
' 
y -Y A I (column cones.) 4 18269.3 4567.32 116.04 A· •. 
'! -Y B (rows; hours) 3 514.95 171.65 4.36 B 
y 
-Y · -Y Error (remain- 12 472.3 39.36 Ay B der; discrep-
-V 
ance) 
y Total 19 19256.55 
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TABLE SIX A 
Two-way: anova: 11.8 LAS (Each group began with 100 embryos. 
The column$ show death at indicated h_ours.) 
Factor A: Concentrations 
(a==3) 
Control 5 ppm. 10 ppm .2. 
---· ---
24 hours 3 24 100 127 
48 hours 3 25 100 128 
72 hours 3 25 100 128 
96 hours 3 25 100 . l28 
'-' 12 99 400 511 
TABLE SIX B 
An: ova table 
Source of variation df ss Ms F __ .$_ 
YA - 1 A (column; cones.) 2 20726.167 10363.083 11762.3 
YB - 1 B (rows; hours) 3 0.217 0.0723 0.821 
l .. , T y 
"" 
y - Y~ Error (remain- 6 .523 .088 Ay der; discrep.-. 
ance) 
y 
-
t Total 11 20726.917 
.... 
DISCUSSION 
The process of neurulation in teleosts, such as Brachy-
danio r~rio, is unlike that of the typical neural plate-
groove-tube sequence seen in most vertebrates (Weis, 1968). 
The brain ventricles and spinal cord of teleosts are hol-
lowed out of a solid neural keel; the keel is established 
and hollowed before the entire yolk mass is enveloped. By 
the end of what is normally referred to as gastrulation, the 
teleost is quite advanced and has a well-defined body axis 
with somites appearing within the mesoderm. This advanced 
stage does not correspond to the more primitive condition 
of other vertebrates at the end of this process (Nelsen, 
1953). 
Many anomalies of the 11.2 and 11.8 experimental groups 
see~ to be related to neural defects. The disorganized 
brains, smaller eyes, abn?rmal pigmentation, and uncoordi-
nated movements all point to abnormal neural development . 
. ,(' 
Disruption of neurulation in·zebra fish has been accom-
plished by at least two agents other t·hen LAS. Hisaoka and 
Hopper (1957) found that at concentration from 0.5% to 1.25% 
diethylbarbituric acid caused retardation of neurulation. 
Embryos that had been exposed to this agent at early develop-
mental stages were found through histological examinations 
to have.disorganized brains and spinal cord. Light and dark 
48 
. 1> 
49 
staining cells of the mantle layer were found to be inter-
mixed. Hisaoka and Hopper attributed this retardation to 
inhibition of RNA synthesis since they found less baso-
philic cells in the brains of treated fish. 
Ethanol also has been found to cause neural anomalies 
in developing zebra fish. Laale (1971) subjected zebra fish 
at the high blastula sta~e to 2.2 arid 2.4% eth~nol. Such 
treatment resulted in cyclopia as well as duplications of 
spinal cord and notothorJ. 
The examinations· of 11. 2 LAS treated brains ;,in this 
study revealed a disorganization of white and grey matter 
similar to that seen by Hisaoka and Hopper. Hi~tological 
observations confirmed that disorganized brains were accom-
panied by eye abnormalities such as reduced eyes and, in 
sci~e cases the kbserice of eyes. In assessing the effects 
of LAS on the process of·neurulation, inhibition of· the 
process seems a likely explanation. 
This study has alsd inidcated differences in toxicity 
between the 11.2 and the'11.8 LAS which may be related to 
the shift in alkyl chain lengths .. 65.28% of the 11.8 LAS 
alkylate lengths are 12 cArbons or longer while only 33.83% 
of the 11.2 LAS have simila~ length~. Swisher and his associ-
ates (1964) also saw a relationship between toxicity and 
alkyl chain length. They worked with c12 and c14 
homo-
logs and found the 24 hour' tL 's to be 3.1 and 0.64 respec-
m 
. •"> 
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tively. It is not known why the longer alkyl lengths would 
be more toxic. The degradation intermediates of LAS are not 
all known as yet even though Swisher (1967) and Michael 
(1968) have characterized some. Part of the LAS degrada-
tion is known to occur via beta oxidation. It may be pos-
sible that longer intermediates prove to be more toxic to 
aquatic organisms. It is also known that the best detergen-
cy in LAS is obtained with an average hydrocarbon chain 
length of 12.5 (Sweeney and Olson, 1964). Since detergency 
is related to surfactant properties, it is conceivable that 
the surfactant closer to 12.5 alkylate length would be more 
The disassoication of cells that occurred in the 11.8 
LAS group presents an interesting situation. The disassocia-
tion may represent a dissolution of intercellular cement or 
a change in net cell surface charge. A recent study of 
Schaeffer, Schaeffer, and Brick (1973) with developing 
amphibians demonstrates the importance of cell sur1ace charge 
; 
in gastrulation. The changes of cell surface charge were 
shown to be related to cellular adhesiveness; increased 
surface charge resulted in less adhesiveness and the begin-
ning of morphogenesis. It is known that the surfactant po~-
i 
tion of a detergent is capable of adsorbing to cell membranes 
(Kishimoto and Adelman, 1964). Kishimoto and Adelman report 
that such adsorptions are capable of depolarizing cell mem-
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branes. The adsorption of an anionic surfactant, therefore, 
could conceivably thange the net surface'charge of cell mem-
branes so as to increase the negative electrostatic charge. 
This would result in the repulsion of cells from one an-
other. 
The abnormal tail growths of treated zebra larvae may 
also be the result of change in electrostatic'charge or dis-
solution of intercellular substance. It is known that dur-
ing development normal cells respond to one another through 
cellular contacts. These contacts are influential in devel-
opm~rit and it has been suggested in a recent reviewarticle 
by Roth (1973) that specific sites on cell surfaces·fuay act 
as rec:ogni tion sites for appropriate cells. The tumors ser!n 
in the LAS treated fish may·be the result of interference 
with such recognition sites. 
Some of the experimental zebra fish larvae were un-
able to hatch from their chorions. A study by Willemse and 
Denunte (1973) demonstrated the presence of hatching glands 
in zebra fish~ These glahds are reported to secrete enzymes 
that·weaken the chorion. It has been established by inves-
tigators that surface-active agents are capable of inhibi-
ing enzymes. Koefoed-Johnson and Mann (1954) showed that 
anionic det~rgents are capable of inhibiting enzymes in-
volved in ffuctolysis, mobility, and respiration of ram 
sperm. · Willis (1954) also found aetergent surfactants to 
... 
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be implicated in the inhibition of urease at a pH of 5. 
I 
I 
Inhibition of hatching I in part, explain the enzymes may, 
inability of some experimental fish to hatch. 
Data on Lake Michigan levels of surfactant have been 
collected by the Environmental Protect~on Agency of Illinois. 
Surfactants have never been reported to exceed 0.5 ppm in 
the Chicago area (Vaughn and Reed, 1973). This level is 
in compliance with water criteria set up by the Environmental 
Protection Agency which sets yearly maximal levels at 0.5 ppm. 
However, information obtained on smaller bodies of water such 
as the Calumet River show levels of detergent surfactant to 
be as high as 8.7 ppm (Water Quality Surveillance, 1970) and 
the Illinois River is reported to have concentrations of 1.0 
to 1~4 of methylene blue active substances.(Personal communi-
cation, Natural History Survey of Illinois). 
Surfactants comprise only a small part of the pollu-
tants found in waterways. Other contaminants may be acted 
upon by even low concentrations of surfactants. For ex-
ample, it is known that surface-active agents are able to 
solubilize polycyclic hydrocarbons (known teratogenic agents) 
that result from industrial and agricultural pollution of 
waterways. It is believed that fish in such areas contain 
high concentrations of such carcinogens (Elworth et al., 
1968) . Further tests are necessary to assess the effects of 
chronic exposure of zebra fish embryos and larvae to LAS. 
These acute toxicity studies do, however, indicate that 
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LAS is a teratogenic agent to de~cloping zebra fish if they 
! 
are exposed to it at the high bl~stula stage (which pre-
cedes gastrulation by 2 hours). It is known that gastrula-
tion is the most critical stage in the development of zebra 
fish (Weis, 1968) and it is evident that the 11.8 LAS con-
centrations of 10 ppm and higher disrupt the embryo at its 
critical period. 
,".·. 
+ ' 
' ' 
SUMMARY 
In this study embryos of zebra ·fish, Brachydanio 
rerio, were subjected to varying concentrations of 11.2 and 
11.8 LAS preparations. The 11.8 LAS was found to be the 
more toxic of the two. The 24 hour TL value calculated 
m 
for the 11.8 group was 6.7 ppm while that calculated for 
gr~up 11.2 was 19.5 ppm. 
Many anomalies were apparent in treated fish. Eyes 
were either absent or smaller in several of the treated 
fish. Many of these larvae were unable to respond to tac-
tile stimuli and still others could not lay dorsal-side up. 
Histologic examinations of brains of treated fish vs. 
controls revealed that neural damage had occurred in 20 % 
of the treated fish; the neural cells and fibers we.re found 
to be intermixed. 
It·is hypothesized that many of the anomalies seen 
are the result of the disruption of gastrulation. Surfac-
tant·s are capable of adhering to cell membranes; their ad-
sorbance to membranes may· disrupt proper cell contacts. 
Perhaps the anomalies seen in this study are in part the 
result of the· breakdown of intercellular communications 
during development. 
1' 
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